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(54) Emulsions for in-situ delivery systems 

(57) The invention is provides a composition for 
sustained delivery of a biologically active agent com- 
prising a biologically active mixture and a controlled 
release formulation. The composition protects the bio- 
logically active agent from being destroyed by the con- 
trolled release composition. The biologically active 
mixture includes the biologically active agent and a 
pharmaceutically acceptable protective carrier. The 
controlled release formulation includes a pharmaceuti- 
cally acceptable, biodegradable, matrix forming material 
that is substantially insoluble in aqueous or body fluids 
and a pharmaceutically acceptable organic solvent. The 
biologically active mixture is combined with the control- 
led release formulation to form an emulsion, the delivery 
composition, which is then administered to a patient 
The protective carrier can be an aqueous substance, a 
non-aqueous substance or a combination of both. The 
matrix forming material can be a polymeric material, a 
non-polymeric material or a combination of both. The 
organic solvent can have a solubility ranging from a high 
water solubility to a low water solubility. 
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Description 

Background of the Invention 

5 [0001 ] A variety of approaches have been developed for administering a biologically active agent to a patient in a con- 
tinuous or sustained manner. However, currently available approaches suffer from one or more disadvantages or limi- 
tations. 

[0002] In many conventional controlled release systems, the active agents are incorporated into solid, monolithic pol- 
ymeric matrices. The matrices are surgically implanted into patients' bodies and control the release of active agents into 

10 the patients' systems. Often, however the sizes and shapes of the matrices and the surgical implantation lead to patient 
discomfort and complications. In recent years, microstructures, such as lipospheres, liposomes, microcapsules, micro- 
particles, and nanoparticles have been developed to overcome these problems. The microstructures contain the active 
agents and are introduced into a patients' bodies as dispersions. However, when inserted into a body cavity where there 
is considerable fluid flow, such as the mouth or eye, microstructures may be poorly retained due to their small size and 

75 discontinuous nature. Microstructure systems also lack reversibility. If complications arise after introduction, it is difficult 
to remove the microstructures without extensive and complex surgical intervention. 

[0003] Other controlled release delivery systems are f iowable composition that can be administered using a syringe. 
Upon contact with body fluids, the delivery system is transformed in situ to form a solid implant Exemplary f iowable pol- 
ymeric compositions are described in U.S. Patent Nos. 4,938,763; 5,278,201 ; and 5,278,202. As the delivery system 

20 forms a solid matrix, the active agent is trapped or encapsulated within the matrix The release of the active agent then 
follows the general rules for the dissolution or diffusion of a drug from within a polymeric matrix. 
[0004] Irrespective of their physical character as monolithic matrices, microstructures or f Iowable compositions, these 
delivery systems can not be effectively used with all biologically active agents. Some biologically active agents may be 
destroyed or dissolved by the polymeric formulations and carriers used in these systems. For example, peptides or pro- 

25 teins may be denatured by the solvents used to dissolve the polymers. RNA or DNA compounds and antigens may be 
affected. Cellular treatments are also difficult to administer using known sustained release systems. The sustained 
release formulations often provide an environment that is too harsh for cellular survival and therefore causes destruc- 
tion or death of the cells. Therefore, an improved method for sustained release of a biologically active agent in which 
the active agent is protected from the sustained release formulation would be desirable. 

30 

Summary of the Invention 

[0005] The invention is directed to a composition for sustained delivery of a biologically active agent comprising a bio- 
logically active mixture and a controlled release formulation. The composition protects the biologically active agent from 

35 being destroyed by the components of the sustained release system. 

[0006] The biologically active mixture includes the biologically active agent and a pharmaceutical^ acceptable pro- 
tective carrier. The controlled release formulation includes a pharmaceutical^ acceptable, biodegradable matrix form- 
ing material that is substantially insoluble in aqueous media and a pharmaceutical ly acceptable organic solvent. 
[0007] According to the invention, the biologically active mixture containing the biologically active agent and the pro- 

40 tective carrier is combined with the controlled release formulation, to form an emulsion, suspension or dispersion (the 
delivery composition), just prior to administration to a patient. In the delivery composition, the biologically active agent 
remains suspended or dissolved in the protective carrier and is therefore isolated from the components of the controlled 
release formulation. 

[0008] The protective carrier can be an aqueous substance, non-aqueous substance or a combination of both. The 
45 matrix forming material can be a polymeric material, a non-polymeric material or a combination of both. Preferably, the 
matrix forming material is biodegradable. The organic solvent can have either a high water solubility or a low water sol- 
ubility. 

Detailed Description of the Invention 

50 

[0009] The invention provides a composition and method for controlled release delivery of a biologically active agent 
wherein the initial burst of biologically active agent released into a patient is reduced and wherein the biologically active 
agent is protected from the polymeric formulation. The delivery composition is administered as a "flowable" material. 
"Flowable" means having a viscosity that will permit displacement of the f Iowable material with or without application of 
55 pressure. A flowable delivery composition is manipulatable, is displaceable through a small to moderate sized orifice 
and may be shaped and molded within the tissue defect. Flowable compositions in this context include those having a 
consistency from that of an emulsion or suspension with a low viscosity or water-like consistency, to that of a high vis- 
cosity putty or paste. Advantageously, the flowability of the delivery composition allows it to conform to irregularities, 
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crevices, cracks, and/or holes in the tissue defect. 

[0010] Generally, the delivery composition of the invention consists of two components: a biologically active mixture 
and a controlled release composition. The biologically active mixture, the controlled release component and resulting 
solid implant are "biocompatible" in that they do not cause substantial tissue irritation or necrosis at the implant site. 

5 "Biodegradable" means that the resulting implant degrades over time by the action of enzymes, hydrolytic action and/or 
other similar mechanisms. "Bioerodible" means that the implant erodes or degrades over time due, at least in part, to 
contact with substances found in the surrounding tissue fluids, or by cellular action. "Bioabsorbable" means that the 
resulting implant is broken down and absorbed within the patient's body, for example, by a cell or tissue. "Implant site" 
means a site, in or on which the controlled release formulation is famed or applied, for example, a soft tissue such as 

10 muscle or fat, or a hard tissue such as bone. Examples of other implant sites include, but are not limited to. a tissue 
defect such as a tissue regeneration site; a void space such as a periodontal pocket a surgical incision or other formed 
pocket or cavity; a natural cavity such as the oral, vaginal, rectal or nasal cavities, and the cul-de-sac of the eye. 

Delivery Composition 

75 

[001 1 ] The delivery composition of the invention provides a system for sustained, continuous delivery of drugs, med- 
icaments and other biologically-active agents to tissues adjacent or distant from the site of administration. Generally, 
the delivery composition consists of an emulsion, suspension or dispersion of two components: a biologically active 
mixture and a controlled release composition. The biologically active mixture includes a biologically active agent and a 
20 pharmaceutical^ acceptable protective carrier. The controlled release composition includes a pharmaceutically accept- 
able organic solvent and a pharmaceutically acceptable, biodegradable matrix forming material that is substantially 
insoluble in aqueous media. 

[0012] The biologically active mixture is combined with the controlled release composition to form the delivery com- 
position just prior to administering the delivery composition to a patient. It is important that the biologically active mixture 
25 is combined with the controlled release component dose to the time of administration, such that the delivery composi- 
tion remains an emulsion or dispersion during its administration. The interval between the formation of the delivery com- 
position and its administration will depend upon the physical and chemical stability of the emulsion or dispersion. In 
general, an interval of up to 7 days can be used, preferably up to 1 day, more preferably up to 1 0 hours, most preferably 
up to 1 hour. 

30 [0013] When the controlled release formulation contacts an aqueous medium, such as water or body fluids, the 
organic solvent disperses into the surrounding body fluids and the matrix forming material coagulates or precipitates to 
form a solid implant in which the biologically active mixture is entrapped. The biologically active agent within the mixture 
is gradually released from the solid implant by diffusion, dissolution and/or biodegradation of the implant matrix. 

35 Pioiogicaiiy Active Mixture 

[0014] According to the invention, a biologically active agent is combined with a carrier to form a biologically active 
mixture. As used herein, a biologically active agent is an agent that is capable of providing a local or systemic biological, 
physiological or therapeutic effect in the body of a patient. The biologically active agent is combined with the carrier to 
40 form a mixture, ranging in physical form from a solution to an emulsion. The solution involves a uniform distribution of 
the components. The emulsion involves a stable mixture of two or more immiscible liquids which form a suspension or 
dispersion having a continuous phase and a dispersed phase. 

[0015] The delivery composition includes the biologically-active agent in an amount effective to provide the desired 
level of biological, physiological, pharmacological and/or therapeutic effect in the patient. There is generally no critical 

45 upper limit on the amount of the biologically active agent that can be included in the composition. For optimal perform- 
ance, the concentration of the bioactive agent should not be so high that the controlled release composition cannot 
effectively control the rate of release of the bioactive agent. The lower limit of the amount of bioactive agent incorpo- 
rated into the delivery composition depends on the activity of the bioactive material and the period of time desired for 
treatment. Generally, one skilled in the art of formulations can determine the appropriate amount of biologically active 

so agent to incorporate into the delivery composition as a function of the patient's condition, the physical characteristics of 
the biologically active agent and the prescribed treatment regimen for the malcondition of the patient. 

Biologically Active Agents 

55 [001 6] Examples of suitable biologically active agents include substances capable of preventing an infection system- 
ically in the animal or locally at the defect site, for example, anti-inflammatory agents such as hydrocortisone, and pred- 
nisone; antibacterial agents such as penicillin, cephalosporins, bacitracin, tetracycline, doxycyciine, gentamycin, 
quinolines. neomycin, clindamycin, kanamydn, agithromycin and metronidazole; antiparasitic agent such as quina- 
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crine, chloroquine, and vidarbine; antifungal agents such as nystatin; antiviral agent such as acyclovir, ribarivin, and 
interferons; analgesic agents such as salicylic acid, acetaminophen, ibuprofen, naproxen, piroxicam, flurbiprofen, and 
morphine; local anesthetics such as cocaine, lidocaine, bupivacaine and benzocaine; immunogens (vaccines) for sim- 
ulating antibodies against hepatitis, influenza, measles, rubella, tetanus, polio, and rabies; peptides such as leuprolide 
- 5 acetate (an LH-RH agonist), nafarelin, and ganirelix. 

[0017] Substances, or metabolic precursors thereof, which are capable of promoting growth and survival of cells and 
tissues or augmenting the functioning of cells can also be used, for example, a nerve growth promoting substance, such 
as a ganglioside or a nerve growth factor; a hard or soft tissue growth promoting agent such as f ibronectin (FN), human 
growth hormone (HGH), a colony stimulating factor, bone morphogenic protein, platelet-derived growth factor (PDGF), 

10 insulin-derived growth factor (IGF-I, IGF-II), transforming growth factor-alpha (TGF-a), transforming growth factor-p 
(TGF-p), epidermal growth factor (EGF), fibroblast growth factor (FGF), and interleukin-1 (IL-I); an osteoinductive agent 
or bone growth promoting substance such a bone chips or demineralized bone material; and antineoplastic agents such 
as methotrexate, 5-f luorouracil, adriamycin, vinblastine, cisplatin, padrtaxel, floxuridine, tumor-specific antibodies con- 
jugated to toxins, and tumor necrosis factor. 

75 [0018] Other suitable biologically active agents include hormones such as progesterone, testosterone, follicle simu- 
lating hormone (FSH) (used for birth control and fertility-enhancement), insulin, and somatotropins; antihistamines such 
as diphenhydramine and chlorphencramine; cardiovascular agents such as digitalis, nitroglycerin, papaverine and 
streptokinase; anti-ulcer agents such as cimetidine hydrochloride, and isopropamide iodide; bronchodilators such as 
metaproternal sulfate and aminophylline; vasodilators such as theophylline, niacin and minoxidil; central nervous sys- 

20 tern agents such as tranquilizer, b-adrenergic blocking agents, and dopamine; antipsychotic agents such as risperidone 
and olanzapine; narcotic antagonists such as naltrexone, naloxone and buprenorphine. 

[001 9] Additionally, the delivery composition of the invention can be used to deliver genes which encode biologically 
useful proteins, such as growth hormone, growth hormone releasing factor, pituitary factors, adrenal factors, pancreatic 
factors, interferon factors, prostaglandin releasing factors and the like. The deliver composition of the invention can also 

25 be used to deliver cells, for example, cells such as fibroblasts, osteoblasts, chondrocytes, retinal pigmented epithelia, 
epithelia, p-islet cells, mesenchymal stem cells, and other cells within the body. In addition, the delivery composition can 
be used to delivery microparticles or nanoparticles which would normally be dissolved or destroyed by the organic sol- 
vents of the delivery system. These microparticles or nanoparticles can contain biologically active agents themselves 
which are desirable for delivery within the body. 

30 [0020] For more examples of suitable biologically active agents, see U.S. Patent No. 5,234,529, the disclosure of 
which is incorporated by reference herein. 

Carrier 

35 [0021] According to the invention, the biologically active agent is combined with a protective carrier to form a biolog- 
ically active mixture. The biologically active agent is suspended or entrained within the protective carrier, and is isolated 
from the controlled release component of the delivery composition. The protective carrier insulates and protects the bio- 
logically active agent from being dissolved or destroyed by the controlled release composition. Additionally, because the 
protective carrier isolates the biologically active agent from the organic solvent of the delivery composition, the biologi- 

40 cally active agent is less likely to disperse into the surrounding aqueous medium along with the organic solvent. Instead, 
the biologically active agent is constrained within the delivery composition as it solidifies to form a solid implant. Con- 
sequently, the initial burst of biologically active agent released into a patient's system may be reduced. 
[0022] According to the invention, the protective carrier can be an aqueous or non-aqueous substance as long as the 
protective carrier is capable of forming a mixture with the biologically active agent so that the biologically active agent 

45 either is dissolved in the carrier to form a solution or is suspended in the carrier to form an emulsion or dispersion. In 
some instances it may be more preferable to use a non-aqueous carrier, for example, with highly water soluble drugs 
such as doxycycline, 5-f luorouracil. and ibuprofen. In other applications, it may be preferable to use an aqueous carrier, 
for example, with peptides, proteins or cells which may be affected by non-aqueous carriers. 
[0023] Suitable non-aqueous carriers include pharmaceutical^ acceptable oils, low melting waxes, fats, lipids, iipo- 

50 somes and any other pharmaceutical^ acceptable substance that is lipophilic, substantially insoluble in water, fluid, and 
is biodegradable and/or eliminatable by natural processes of a patient's body. Oils of plants such as vegetables and 
seeds are included. Examples include oils made from corn, sesame, cannoli, soybean, castor, peanut, olive, arachis, 
maize, almond, flax, safflower, sunflower, rape, coconut, palm, babassu, and cottonseed oil; waxes such as carnoba 
wax, beeswax, and tallow; fats such as triglycerides, lipids such as fatty acids and esters, and liposomes such as red 

55 cell ghosts and phospholipid layers. 

[0024] Examples of suitable aqueous carriers include pharmaceutical^ acceptable compositions such as water, 
saline, physiological buffer solutions and cell-culture media such as agar, bovine medium, Ficoll medium and any other 
aqueous based medium optionally containing pharmaceutical^ acceptable nutrients, minerals, amino acids, lipids, buff- 
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ers. vitamins and the like. 
Additional Components 

5 [0025] The biologically active mixture can also include other components such as emulsifying agents, surfactants, 
excipierrts, colorants and the like to stabilize the emulsions or protect the biologically active agents. 

Controlled Release Formulation 

10 [0026] The delivery composition of the invention also includes a controlled release formulation which includes a matrix 
forming material and a solvent 

Matrix Forming Material 

rs [0027] According to the invention, the controlled delivery system includes a matrix forming material. The matrix form- 
ing material can be made from a biocompatible polymer, copolymer or nonpolymeric material that is substantially insol- 
uble in aqueous fluids, such as water or body fluids, and biodegradable and/or bioerodibl e within the body of an animal. 
As used herein, "substantially insoluble" means that the matrix forming material does not dissolve in an aqueous 
medium. The matrix forming material is capable of being at least partially solubilized in an organic solvent. As used 

20 herein, "at least partially solubilized" means that the matrix forming material dissolves at a concentration from about 1 0 
% to about 70 % by weight in the organic solvent 

[0028] Upon contacting an aqueous environment such as a patient's body fluids, the organic solvent of the controlled 
delivery composition dissipates or disperses into the surrounding aqueous fluids and the matrix forming material coag- 
ulates or precipitates to form a solid implant. When the controlled delivery composition is administered in combination 

25 with a biologically active mixture, such as that described above, the biologically active agent is entrained in the solid 
implant As the matrix of the implant degrades over time, the biologically-active agent is released into adjacent tissue 
fluids at a controlled rate. The rate at which the biologically-active agent is released from the matrix may be varied, for 
example, by the solubility of the biologically-active agent in an aqueous medium, the distribution of the agent within the 
matrix, and the size, shape, porosity, solubility and biodegradabiiity of the matrix. 

30 [0029] The concentration of matrix forming material in the organic solvent can vary depending on the desired viscosity 
of the delivery composition. In applications where the delivery composition is injected with standard syringes and nee- 
dles, the viscosity has to be low enough to allow the material to be easily injected. In other applications such as putties 
or pastes, the viscosity may be much higher. Because the non-polymeric materials tend to have relatively low molecular 
weights, they form solutions with low viscosities which can be easily injected through standard syringes and needles. 

35 [0030] Typically, the concentration of matrix forming material ranges from about 0. 1 grams per ml of solvent to about 
3 grams per ml of solvent, preferably from about 0.5 grams to about 2 grams per ml. 

Polymeric Materials 

40 [0031] Suitable polymeric materials include polymers or copolymers, such as thermoplastic polymers that are bio- 
compatible, biodegradable, bioerodible and/or bioabsorbable and are substantially insoluble in aqueous fluids. Exam- 
ples of suitable thermoplastic polymers are those having formulas incorporating monomeric units including lactides, 
glycolides, caprolactones. anhydrides, amides, ur ethanes, esteramides, ortho esters, dioxanones, acetals; ketals, car- 
bonates, phosphazenes, hydroxybutyrates, hydroxyvalerates, alkyiene oxalates, alkylene succinates, and amino acids. 

45 The formulas may incorporate a single monomeric unit or may be copolymers or terpolymers of two or more of these 
foregoing monomeric units, with the monomeric order being random or block. Physical combinations or mixtures these 
polymers, copolymers and terpolymers may also be employed. Polymers of lactide, caprolactone, glycolide and 
hydroxybutryate and copolymers of the monomeric units of these preferred monomeric units are preferred. 

50 Nonpolymeric materials 

[0032] Suitable non-polymeric materials include sterols, such as cholesterol, stigmasterol, p-sitosterol, and estradiol; 
cholesteryl esters such as cholesteryl stearate; C 12 -C24 fatty adds such as lauric acid, myristic acid, palmitic acid, 
stearic acid, arachidic acid, behenic acid, and lignoceric acid; C^-C^ mono-, di-, and triacytglycerides such as glyceryl 
55 monooleate, glyceryl monolinoleate, glyceryl monolaurate, glyceryl monodocosanoate, glyceryl monomyristate, glyc- 
eryl monodicenoate, glyceryl dipalmitate, glyceryl didocosanoate, glyceryl dimyristate, glyceryl didecenoate, glyceryl 
tridocosanoate, glyceryl trimyristate, glyceryl tridecenoate. glycerol tristearate and mixtures thereof; sucrose fatty acid 
esters such as sucrose distearate and sucrose palmitate; sorbitan fatty acid esters such as sorbitan monostearate, 
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sorbitan monopalmitate and sorbitan tristearate; C 16 -C 18 fatty alcohols such as cetyl alcohol, myristyl alcohol, stearyl 
alcohol, and cetostearyl alcohol; esters of fatty alcohols and fatty acids such as cetyl palmitate and cetearyl palmitate; 
anhydrides of fatty acids such as stearic anhydride; phospholipids including phosphatidylcholine (lecithin), phosphati- 
dylserine, phosphatidyiethanolamine, phosphatidylinositol, and lysoderivatives thereof; sphingosine and derivatives 
5 thereof; spingomyelins such as stearyl, palmitoyl, and tricosanyl spingomyelins; ceramides such as stearyl and palmi- 
toyf ceramides; glycosphingolipids; lanolin and lanolin alcohols; and combinations and mixtures thereof. Preferred non- 
polymeric materials include cholesterol, glyceryl monostearate, glycerol tristearate, stearic acid, stearic anhydride, 
glyceryl monooleate. glyceryl monolinoleate, and acetylated monglycerides. 

w Organic Solvents 

[0033J The matrix forming material is combined with a suitable organic solvent to form the controlled release formu- 
lation. Upon contact with an aqueous medium, such as water or body fluids, the organic solvent diffuses or leaches into 
the surrounding aqueous medium and the matrix forming material, which is substantially insoluble in aqueous fluids. 

75 precipitates or coagulates to form a solid implant. v 
[0034] Suitable solvents for use in the present polymer formulation are those which are biocompatible, pharmaceuti- 
cally-acceptable, and will at least partially dissolve the polymeric or non-polymeric material. According to the invention, 
the solvent has a solubility in aqueous medium, ranging from miscible to dispersible and is capable of diffusing into an 
aqueous medium, for example, tissue fluids, such as blood serum, lymph, cerebral spinal fluid (CSF), and saliva. In 

20 addition, the solvent is preferably biocompatible. 

[0035] The solubility or miscibility of the matrix forming material in a particular solvent may vary according to factors 
such as crystallinity, hydrophilicity, capacity for hydrogen bonding, and molecular weight Consequently, the molecular 
weight and concentration of the matrix forming material can be adjusted to modify the solubility of the matrix forming 
material in the controlled release formulation. Preferably, the matrix forming material has a low degree of crystallization, 

25 a low degree of hydrogen bonding, low solubility in water and high solubility in organic solvents. 

[0036] The organic solvent can have water solubility ranging from a high water solubility i.e., from those forming a 
20% by weight solution in water to those completely miscible in all properties, to a low water solubility i.e., those forming 
solution with less than 20% by weight of the solution in water. An organic solvent with a "high" water solubility rapidly 
diffuses or dissipates from the delivery composition into the surrounding aqueous fluids. Thus, the matrix forming mate- 

30 rial rapidly precipitates or coagulates to form a solid implant. As used herein, "rapidly" means that the solid implant 
takes about 1 to about 120 minutes to form, more preferably, about 1 to about 30 minutes. Typically, a "high" water sol- 
ubility organic solvent has a water solubility from about 20% to about 90% weight percent. 

[0037] In contrast, an organic solvent having a "low" solubility in an aqueous medium will dissipate slowly in the aque- 
ous medium. Thus, the matrix forming material slowly precipitates or coagulates to form a solid implant. As used herein, 
35 "slowly" means that the solid implant takes about 5 hours to about 30 hours to form, more preferably takes about 5 
hours to about 10 hours to form. Typically, a "low" water soluble organic solvent has a water solubility of about 2% to 
about 20% weight percent. 

High Water Solubility Solvents 

40 

[0038] A high water solubility solvent can be used in the controlled release composition. Preferably, a high water sol- 
ubility solvent is used when a short solidification time for the controlled release system is needed in order to form a solid 
implant that maintains its shape and stays in place. 

[0039] Useful high water solubility organic solvents include, for example, substituted heterocyclic compounds such as 
45 N-methyl-2-pyrroiidone (NMP) and 2-pyrrolidone; C2 to C 10 alkanoic acids such as acetic acid, lactic acid and heptanoic 
acid; esters of hydroxy acids such as methyl lactate, ethyl lactate, alkyl citrate and the like; monoesters of polycarboxylic 
acids such as monomethyl succinate acid, monomethyl citric acid and the like, ether alcohols such as 2-ethoxyethanol, 
ethylene glycol dimethyl ether, glycofurol and glycerol formal; alcohols such as ethanol and propanol; polyhydroxy alco- 
hols such as propylene glycol, polyethylene glycol (PEG), glycerin (glycerol), 1,3-butyleneglycol, and isopropylidene 
so glycol (2,2-dimethyM ,3-dioxolone-4-methanol; solketal; dialkylamides such as dimethylformamide, dimethylacetamide; 
dimethylsulfoxide (DMSO) and dimethylsulfone; lactones such as e-caprolactone and butyrolactone; cyclic alkyl amides 
such as caprolactam; aromatic amides such as N,N-dimethyi-m-toluamide, and 1-dodecylazacycloheptan-2-one; and 
mixtures and combinations thereof. Preferred solvents include N-methyl-2-pyrrolidone, 2-pyrrolidone, dimethylsulfoxide, 
ethyl lactate, glycofurol, glycerol formal, and isopropylidene glycol. 

55 

Low Water Solubility Solvents 

[0040] A low water solubility solvent may also be used in the controlled release composition. Preferably, a low water 
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solubility solvent is used when it is desirable to have a slow coagulation rate for the solid implant, for example, in appli- 
cations where the implant does not need to maintain its shape and it is desirable that the controlled release composition 
flow to more easily fit the tissue site and prevent tissue damage, such as in an intramuscular injection. 
[0041 ] Examples of low water soluble solvents include ethyl acetate, propylene carbonate, diethyl malonate esters of 

5 carbonic acid and alkyl alcohols such as propylene carbonate, ethylene carbonate and dimethyl carbonate alkyl esters 
of mono-, di-, and tricarboxylic acids, such as 2-ethyoxyethyl acetate, ethyl acetate, methyl acetate, ethyl butyrate, die- 
thyl malonate, diethyl glutonate, tributyl citrate, diethyl succinate, tributyrin, isopropyl myristate, dimethyl adipate. dime- 
thyl succinate, dimethyl oxalate, dimethyl citrate, triethyl citrate, acetyl tributyl citrate, glyceryl triacetate; alkyl ketones 
such as methyl ethyl ketone, tetrahydrofuran as well as other carbonyl, ether, carboxylic ester, amide and hydroxy con- 

10 taining liquid organic compounds having some solubility in water. Propylene carbonate, ethyl acetate, triethyl citrate, 
isopropyl myristate, and glyceryl triacetate are preferred because of biocompatitibility and pharmaceutical acceptance. 
[0042] Additionally, mixtures of the foregoing high and low water solubility solvents providing varying degrees of sol- 
ubility for the matrix forming material can be used to alter the coagulation rate of the matrix forming material. Examples 
include a combination of N-methyl pyrrolidone and propylene carbonate, which provides a more hydrophobic solvent 

is than N-methyl pyrrolidone alone, and a combination of N-methyl pyrrolidone and polyethylene glycol, which provides a 
more hydrophilic solvent than N-methyl pyrrolidone alone. 

Additives for the Delivery Composition 

20 [0043] Surfactants and/or emulsifying agents such as sodium dodecylsulfonate or polyvinyl alcohol can be added to 
the delivery composition to improve or stabilize the emulsion. A "stable" emulsion, is one which the components do not 
separate from the emulsion in a short time such as 1 -24 hours. The literature on microencapsulation with biodegradable 
polymers provides appropriate materials and conditions for emulsions. 

[0044] Other additives include release rate modification agents, such as those discussed in US Patent No. 5,702,716 
25 which issued from Application Serial No. 07/7767,81 6, filed October 1 5, 1 991 , the disclosures of which are incorporated 
by reference herein. 

Formation of the Delivery Composition 

30 [0045] The delivery composition of the invention is an emulsion or dispersion of the biologically active mixture in the 
controlled release formulation. While the term "emulsion" is typically used in connection with two immiscible liquids, in 
the context of this invention it is also used in connection with a liquid and a paste, putty or semisolid. The terms "sus- 
pension" and "dispersion" in their ordinary, usual meaning also describe this delivery composition. 
[0046] To prepare the delivery composition of the invention, any known technique for suspending, dispersing or emul- 

35 sifying one material within another can be used. For the present invention such techniques involve combination of the 
biologically active mixture and the controlled release formulation and either simultaneously or subsequently agitating, 
shaking, stirring, whipping, agitating, frothing, bubbling or otherwise manipulating to form small particles, droplets or 
micelles of the biologically active material within the controlled release formulation. Additionally, the biologically active 
material may be sprayed, aerosolized, or otherwise converted or comminuted into small droplets or particles which are 

40 then combined with the controlled release formulation. 

[0047] In a typical preparation, an appropriately sized syringe containing the fiowable biologically active mixture is 
connected to an appropriately sized syringe half filled with a fiowable controlled release formulation. The plunger of the 
syringe containing the mixture is actuated to transport the mixture into the formulation syringe. The plungers of the two 
syringes are reciprocated a number of times to agitate the mixture and formulation and convert the mixture into small 

45 droplets suspended within the formulation. The prepared fiowable delivery composition is ready for injection and 
implant formation. 

Formation of a Solid Implant 

so [0048] In general, a solid implant is formed by administering the fiowable delivery composition into a target tissue or 
onto the surface of such tissue. The administration can be accomplished by any convenient technique. For example, the 
formulation can be applied by brushing, spraying, extruding, dripping, injecting, or painting. Alternately, a delivery com- 
position having a high viscosity, such as that of a putty or paste, can be administered by forming an incision, placing the 
delivery composition at the implant site and closing the incision, for example, by suturing. 

55 [0049] Optionally, after the delivery composition is administered to the implant site, an aqueous solution, such as a 
saline solution, can be applied over the delivery composition to cause matrix formation. This option especially can be 
used in situations where the tissue itself does not contain sufficient body fluid to cause matrix formation, e.g., such as 
in a bone defect 
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Use of the Delivery Composition 

[0050] The delivery composition can be used to administer a biologically active agent to a patient in a sustained man- 
ner. The delivery composition of the invention enables the a biologically active agent to be delivered in a sustained man- 
5 ner while protecting the biologically active agent from dissolution or degradation by the controlled release composition. 

Providing a Sustained Release 

[0051 ] In a first embodiment, the delivery composition of the invention can be used to provide a sustained release of 
10 a biologically active agent To prepare a composition which will have a sustained release effect when administered to a 
patient, a biologically active agent is combined with a protective carrier to form a biologically active mixture. The biolog- 
ically active mixture is then combined with a controlled release composition and agitated to form the delivery composi- . 
tion. 

[0052] The delivery composition can be injected into a patient's body using a standard syringe and needle, such as - 
15 a 1 cc syringe and a 22 gauge needle. When the delivery composition is administered to a patient, the organic solvent 
dissipates into the surrounding body fluids. As the solvent dissipates, the matrix forming material precipitates or coag- 
ulates to form a solid implant. Because the biologically active agent is entrained in the carrier and is isolated from the 
organic solvent, it does not dissipate into the surrounding aqueous fluids with the organic solvent. Instead, the biologi- ■ 
cally active agent suspended in the carrier remains with the matrix forming materia! as it coagulates. Once the solid 
20 implant is formed, droplets of the biologically active agent suspended in the protective carrier are entrained within the 
matrix. Depending upon its water solubility, the protective carrier may quickly, slowly or indiscernibly dissipate from the 
matrix, but notwithstanding the presence or absence of the protective carrier, the biologically active agent will be 
released over time from the matrix or the matrix and carrier. 

[0053] If the protective carrier is immiscible with the controlled release composition and is immiscible to slightly solu- . 

25 ble in water, it is preferably used to provide protection of the biologically active agent which is then combined with a con- 
trolled release composition. Because the biologically active agent is dissolved or suspended in the water immiscible or 
slightly soluble protective carrier, it is isolated from the organic solvent and matrix forming material of the controlled 
release composition and the protective carrier remains with the implant at least substantially throughout the life of the 
implant. This arrangement provides optimal protection of the biologically active agent against dissolution or degradation 

30 by the organic solvent or matrix forming material although other arrangements using differing protective agents having . 
up to moderate solubility in water can also be used. This embodiment is particularly useful when the biologically active 
agent is particularly susceptible to dissolution or degradation, such as a protein, a gene, a polymeric nanoparticle or a 
cell. 

[0054] The foregoing disclosure teaches to those of skill in the art the aspects of the invention including how to make ' 
35 and use the invention. The following examples are meant to provide further elucidation of the invention but are not 
meant as limitations thereof. 

Examples 

40 Example 1 : Use of Water in Polymer Solutions Prepared with Low Water-Soluble Solvents (Water-in-Oil Emul- ., 
slon) 

[0055] Poly (DL-lactide-co-glycolide) with an inherent viscosity of 0.2 dL7g and containing carboxyl end groups 
(PLGH) was dissolved in propylene carbonate (PC) to form a solution with 40% by weight polymer. The polymer solu- 

45 tion was then added to a polypropylene syringe with a male luer-lok fitting. Water was added to a second polypropylene 
syringe with a female luer-lok fitting, and the two syringes were coupled together and the contents mixed back and forth 
between the two syringes for about 25 cycles to form an emulsion. The emulsion was withdrawn into the syringe with 
the male luer-lok fitting, the two syringes disconnected, and a 20-gauge cannula attached to the male luer-lok fitting. 
The emulsion was then expressed into 5 mL of phosphate buffered solution (PBS) in a glass vial where it coagulated to 

so form a soft gelatinous, but intact implant. 



PLGH/PC Solution 
(mL) 


Water (mL) 


Emulsion 


Implant 


0.5 


0.5 


Good 


Soft, Intact 
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(continued) 





PLGH/PC Solution 


Water (mL) 


Emulsion 


Implant 




(mL) 








5 


1.0 


0.5 


Better 


Soft, Intact 



[0056] If a solvent sensitive biologically active agent such as a peptide, protein, or DNA or cell were dissolved or dis- 
persed within the aqueous phase, it would be protected from the organic solvent and polymer. 

io Example 2: Use of Water In Polvmer Solutions Prepared with High ly Water-Soluble Solvent 

[0057] PLGH with an inherent viscosity of 0.2 dL/g was dissolved in N-methyl-2-pyrolidone (NMP) to give a solution 
with 40% by weight polymer. This polymer solution (0.5 mL) was placed in a polypropylene syringe and mixed with 
water (0.5 mL) in a separate syringe as described in Example 1. Upon mixing, the polymer solution immediately coag- 
15 ulated with the syringes to form a solid polymer plug, which could be removed only with great difficulty from the 
syringes. 

Example 3: Use of Oils In Polvmer Solutions Prepared with Low Water-Soluble Solvents (QIMn-Oil Emulsion! 

20 [0058] PLGH with an inherent viscosity of 0.2 dUg was dissolved in PC to form a solution with 40% by weight polymer. 
The polymer solution was loaded into a polypropylene syringe and mixed with either sesame oil (SO), peanut oil (PO), 
or castor oil (CO; polyoxy 35; Incrosas 35 NF; Croda Inc.). in another syringe as described in Example 1 . The emulsion 
that formed was then injected into 5 mL of water in a glass vial to form a soft gelatinous, but intact implant. 



35 



PLGH/PC Solution 
(mL) 


SO (mL) 


PO (mL) 


CO(mL) 


Emulsion 


Implant 


0.5 


0.5 






Good 


Soft, Intact 


1.0 


0.5 






Good 


Soft, Intact 


0.5 




0.5 




Good 


Soft, Intact 


1.0 




0.5 




Good 


Soft, Intact 


0.5 






0.5 


Fair 


Soft, Intact 


1.0 






0.5 


Good 


Soft, Intact 



40 Example 4: Use of Oils in Hvdrophilic Polvmer Solution Prepared with a Highly water-Soluble Solvent (Oil-in- 
Oil Emulsion) 

[0059] PLGH was dissolved in NMP to form a solution with 40% by weight polymer. The polymer solution was loaded 
into a polypropylene syringe and mixed with either SO, PO or CO in another syringe as described in Example 1. The 
45 emulsion that formed was then injected into 5 mL of water, in a glass vial. 



PLGH/NMP Solution 
(mL) 


SO (mL) 


PO (mL) 


CO(mL) 


Emulsion 


Implant 


0.5 


0.5 






Poor 


Transparent Gel 


1.0 


0.5 






Poor 


Transparent Gel 


0.5 




0.5 




Fair 


Transparent Gel 


1.0 




0.5 




Fair 


Transparent Gel 


0.5 






0.5 


Good 


Soft, Intact 
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(continued) 



PLGH/NMP Solution 
(mL) 


SO(mL) 


PO (mL) 


CO(mL) 


Emulsion 


Implant 


1.0 






0.5 


Good 


Soft, Intact 



Example 5: Use of Oils in Hydrophobic Polymer Solution Prepared with a Highly Water-Soluble Solvent (Oil-In- 
Oil Emulsion) 

10 [0060] Poly(DL-lactide)(PLA) with an inherent viscosity of 0.37 dL/g was dissolved in NMP to give a polymer solution 
with 37% by weight polymer. The polymer solution was then loaded into a polypropylene syringe and mixed with either 
sesame oil (SO), peanut oil (PO) or castor oil (CO) in another syringe as described in Example 1. The emulsion was 
then injected into 5 mL of water in a glass vial to form a soft, intact implant. 



PLA/NMP Solution 
(mL) 


SO (mL) 


PO (mL) 


CO(mL) 


Emulsion 


Implant 


0.5 


0.5 






Poor 


Soft, gelatinous 


1.0 


0.5 






Good 


Soft, gelatinous 


0.5 




0.5 




Poor 


Soft, gelatinous 


1.0 




0.5 




Good 


Soft, gelatinous 


0.5 






0.5 


Good 


Soft, Intact 


1.0 






0.5 


Good 


Soft, Intact 



30 Example 6: Use of a Water-in-Oil Emulsion in Polymer Solutions Prepared with a Low Water-Soluble Solvent 
(Water-in-OM-in-Oil Emulsion) 

[0061] Water (0.25 mL) in one polypropylene syringe was mixed with 0.25 mL of either sesame oil (SO), peanut oil 
(PO), castor oil (CO) in another syringe to form a water-in-oil emulsion. This emulsion was then drawn into one syringe, 
35 the two syringes uncoupled, and the syringe containing the water-in-oil emulsion was connected to another polypropyl- 
ene syringe containing a solution of PLGH (inherent viscosity of 0.20 dL/g) in propylene carbonate (PC). The water-in- 
oil emulsion and the polymer solution were then mixed as described in Example 1 to form a water-in-oil-in-oil emulsion. 
This emulsion was then injected into 5 mL of water in a glass vial. 



40 





PLGH/PC Solution 
(mL) 


Water (mL) 


SO (mL) 


PO (mL) 


CO(mL) 


Emulsion 


Implant 


45 


0.5 


0.25 


0.25 






Good 


Soft, Intact 




1.0 


0.25 


0.25 






Good 


Soft, Intact 




0.5 


0.25 




0.25 




Good 


Soft Intact 




1.0 


0.25 




0.25 




Good 


Soft, Intact 


50 


0.5 


0.25 






0.25 


Good 


Gelatinous 




1.0 


0.25 






0.25 


Good 


Gelatinous 



55 Claims 

1 . A composition for delivering a biologically active agent comprising: an emulsion or dispersion of a biologically active 
mixture and a controlled release formulation, the biologically active mixture comprising the biologically active agent 
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and a pharmaceutical^ acceptable protective carrier; and the controlled release formulation comprising a pharma- 
ceutical^ acceptable, biodegradable matrix forming material that is substantially insoluble in an aqueous or body 
fluid and a pharmaceutical ly acceptable organic solvent. 

2. A precomposition suitable for preparing a composition according to claim 1 , comprising separate containers of the 
biologically active mixture and controlled release formulation, which containers are adapted to cause combination 
of the biologically active mixture and controlled release formulation. 

3. A composition of claim 1 , wherein the protective carrier is a lipid substance selected from the group consisting of a 
low-melting wax, oil. fat and lipid. 

4. A composition of claim 3, wherein the lipid substance is a plant oil selected from the group of oils consisting of ses- 
ame, soybean, castor, peanut, olive, arachis, maize, almond, corn, cottonseed, palm, flax, sunflower, cannoli, saf- 
flower, rape, coconut, babassu. and almond. 

5. A composition of claim 3, wherein the lipid substance is a wax or fat selected from the group consisting of carnoba 
wax. beeswax, tallow, monoglyceride, diglyceride and triglyceride. 

6. A composition of claim 1 , wherein the protective carrier is an aqueous substance. 

7. A composition of claim 1 , wherein the matrix forming material is a biocompatible, biodegradable, bioerodible, ther- 
moplastic polymer that is substantially insoluble in aqueous or body fluids. 

8. A composition of claim 1 , wherein the matrix forming material is a non-polymeric material. 

9. A composition for delivering a biologically active agent, comprising: an emulsion or dispersion of a biologically 
active mixture and a controlled release formulation, the biologically active mixture comprising the biologically active 
agent and a pharmaceutical^ acceptable oil or low melting wax acting as a protective carrier for the biologically 
active agent; and the controlled release formulation comprising a pharmaceutical^ acceptable, biodegradable, 
bioerodable thermoplastic polymer that is substantially insoluble in aqueous or body and a pharmaceutical^ 
acceptable organic solvent that is partially to completely soluble in the aqueous or body fluid. 

10. A composition of claim 9 wherein the composition is an oil in oil emulsion, the pharmaceutical^ acceptable oil or 
low melting wax is a plant oil; the pharmaceutical^ acceptable, biodegradable, bioerodable thermoplastic polymer 
comprises monomeric units of lactide, glycolide, caprolactone, or hydroxbutyrate, or any combination thereof, and 
the pharmaceutical^ acceptable organic solvent is ethanol, N-methyl pyrrolidone, 2-pyrrolidone, ethyl acetate, 
dimethylsulfoxide, ethyl lactate, gtycofurol, glycerol formal, isopropylidene glycol, propylene carbonate, triethyl cit- 
rate, isopropyl myristate, or glyceryl triacetate. 
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